Objective: Although advances have been made in the clinical and therapeutic management of women with cervical cancer, the best treatment for patients with metastatic or recurrent cervical cancer is still undefined. Apatinib, a novel inhibitor of vascular endothelial growth factor receptor-2 tyrosine kinases, has been successful in treating various malignancies. This study was conducted to evaluate the efficacy and safety of apatinib in the treatment of recurrent cervical cancer. Methods: Patients with recurrent cervical cancer received apatinib after failure of the second-or higher-line chemotherapy. Apatinib was administered as 500 mg daily on days 1 through 21 of each 4-week cycle. The primary endpoint was overall survival (OS), and the secondary endpoints included progression-free survival (PFS), objective response rate (ORR), disease control rate (DCR), and treatment-related adverse events were reviewed and evaluated. Results: Six patients were administered apatinib for at least one complete cycle. The median OS was 16.0 months (95% CI: 6.8-25.2), and the median PFS was 7.0 months (95% CI: 2.2-11.8), One patient achieved partial response and three patients achieved stable disease. Two patients were evaluated as progression disease. The ORR was 16.7% (1/6) and the DCR was 67.7% (4/6). The common side effect of apatinib was hypertension; however, the toxicity of apatinib was tolerable and controllable. Conclusions: Apatinib is an option in the treatment of recurrent cervical cancer after failure of the second-or higher-line chemotherapy. Further prospective evaluation of the utility of apatinib is required.
Introduction
Despite the significant progress in the last half century, cervical cancer is still the fourth most common cancer affecting women worldwide. 1 The morbidity and mortality have been reduced in the developed country due to the cytological screening program, the identification of human papillomavirus (HPV) as the key etiological factor, and HPV vaccination. However, in the low-resource region where it is difficult to access the screening program, cervical cancer is the second most common malignancy in women, with over 85% of the lethal cases caused by cervical cancer. 2 Early stage and localized cancers maybe cured by surgery, che-in patients with advanced cervical cancer indicates that this malignancy is relatively chemo-resistant. Most responses to chemotherapy are partial and short in duration, therefore, and more effective treatment for advanced/ recurrent cases after standard first-line chemotherapy has yet to be developed. Angiogenesis, blood vessel formation, and remodeling are a central progress for the cancerous generation and development. 3 Vascular endothelial growth factors (VEGFs) and their receptors (VEGFRs) mediate the tumor angiogenesis in cervical cancer. 4 There are several subtypes are both VEGF family and VEGFR family which has been reviewed in detail. VEGFA and its receptors VEGFR2 play major roles in angiogenesis. 5 In terms of carcinogenesis in cervical cancer, HPV mediates vascular formation via the VEGF-VEGFR signaling pathway. Overexpression of HPV oncoprotein enhanced VEGFA expression which consequently promotes vascular generation. It is of note that vascular seen at colposcopy are hall marks for invasive stage. 6 Pathologically, increased VEGFR2 expression and microvessel density are correlated with metastasis and poor prognosis, making anti-vascular therapy to be a promising approach to the treatment of invasive cervical cancer. 7 Since clinical trial GOG227, numerous studies highlight feasibility and importance of the anti-vascular therapy in cervical cancer. 8 In these studies, although the bevacizumab has been approved as the first-line strategy for advanced/recurrent cervical cancer in developed countries, some factors, such as its cost, hamper its broad application especially in low-resources region where most refractory cases occur. 9 Affordable and safe agents are unmet for these patients. In light of anti-angiogenesis therapy, blocking VEGFR, the receptor of VEGF, might be an alternative way for the blocking newly vascular generation. As a novel VEGFR2 inhibitor, apatinib could strongly inhibit new vascular formation by blocking tyrosine kinase (TKI) activity. Phase I and II clinical trials have shown the powerful anti-tumor activity and manageable side effects in various cancers such as non-small-cell lung cancer, mammary cancer, and gastric cancer. 10 Of importance, apatinib is currently also being studied for its anti-cancer efficacy in cervical cancer, with a recent study indicating promising effects both in vitro and in vivo. 11 However, the report about the affection and safety of apatinib in cervical cancer is not available to our knowledge, although it could be an option for heavily treated patients.
As a consequence of these considerations, we accessed the response and safety of apatinib in patients suffering from heavily pretreated advanced/recurrent cervical cancer. These patients have accepted the standard procedure of anti-cancer treatment, however showed failure after first-line chemotherapy. In addition to the results of the retrospective analysis of apatinib usage in these patients, an additional literature review of TKI in cervical cancer was performed.
Patients, materials, and methods Patients
Patients with recurrent cervical cancer received apatinib after failure of the second-or higher-line chemotherapy at the Department of Medical Oncology of PLA Cancer Center, Jinling hospital from August 2016 to January 2019 were included in this retrospective analysis. Treatment failure was defined as disease progression or intolerable adverse effects during the treatment period with chemotherapy. This study was conducted in accordance with the principles of the Declaration of Helsinki and was formally approved by the ethics committee of Jinling hospital (2016). Prior to apatinib therapy, all patients had been given verbal explanations and had signed informed consent forms.
Study design
Baseline patient evaluation included a history and standardized physical examination, routine laboratory screening, CT scanning, bone marrow evaluation, electrocardiogram, and cardiac ultrasonography. At least one site of disease had to be measurable in these patients. Clinical pathological data at initial diagnosis and last recurrence were accessed.
Treatment
Apatinib was administered daily on days 1 through 21 of each 4-week cycle. Apatinib 500 mg every day was selected as the standard dose. In an intolerable side effect, the dose was reduced to 375 mg or 250 mg every day. Treatment interruption up to 7 days was allowed if severe toxicities developed.
Data assessments
Tumor measurements were carried out after two, four, and six treatment cycles. Thereafter, this was done every three months until disease progression or dead. Complete response (CR) means all target lesions completely disappeared lasting for at least four weeks. Partial response (PR) was defined as the tumor was reduced ≥30% with no new malignant lesion for at least four weeks. Stable disease (SD) was defined as the sum of the maximum diameter of the target lesion reduced to less than PR, or increased to less than progression disease (PD). PD was defined as a ≥20% increase in the maximum diameter of the target lesion, or new malignant lesions occur. Disease control rate (DCR) = (CR+PR+SD)/total cases, and the objective response rate (ORR) = (CR+PR)/total cases. The PFS was calculated from the first date of enrollment to disease progression, relapse, or death from any cause, or the last date of follow-up. The OS was measured from the date of enrollment to the date of death for any reason or to the last date of follow-up. The National Cancer Institute Common Terminology Criteria for Adverse Events version 4.03 was used to categorize and grade the adverse events (AEs).
Statistical analysis
OS, PFS, and their 95% Confidence Intervals (95% CI) were estimated by the Kaplan-Meier method and compared with the log-rank test. All the statistical analyses were performed using SPSS software, version 21.0 (SPSS Inc., Chicago, IL, USA).
Results

Patient characteristics and treatment
From August 2016 to January 2019, six patients with a median age of 54.5 years (range 41-66 years) received apatinib treatment (Table 1 ). All patients had an International Federation of Gynecology and Obstetrics (FIGO) Stage IV disease. Five patients (5/6, 83.3%) had received radiotherapy, and three patients (3/6, 50.0%) received prior wide resection. All patients received prior chemotherapy as outlined in the National Comprehensive Cancer Network clinical practice guideline. Six patients were administered apatinib for at least one complete cycle, and then the survival analysis as well as security data are listed in Table 2 . No patients developed intolerable symptoms of toxicity or withdrew consent from the study.
Efficacy
Six patients were evaluated for the declared study efficacy endpoints (Table 2) . One patient achieved PR. Three patients achieved SD. Two patients were evaluated as PD. The ORR was 16.7% (1/6) and the DCR was 67.7% (4/6). Tumor shrinkage was noted in three (3/6) patients (Figure 1 ). The median overall survival (OS) was 16.0 months (95% CI: 6.8-25.2), and the median progressionfree survival (PFS) was 7.0 months (95% CI: 2.2-11.8) (Figure 3) .
The imaging and staging data of a typical case were shown as follows. One 36-year-age patient was initially diagnosed to have IIb stage cervical cancer in August 2012. She was treated by radical chemoradiotherapy. In 2015, she was found recurrent in the lymph node. After six cycles of chemotherapy including paclitaxel and cisplatin, she was evaluated as PD. Then, apatinib was administered as 500 mg daily. At the first tumor measurement, CT scanning showed a significant reduction of metastatic lesions and this patient was considered to be PR (Figure 2 ). She is continuously taking apatinib.
Toxicity
Treatment-related AEs were assessed throughout the study (Table 3) . A few patients experienced drug-related reaction, most of these adverse reactions were mild and tolerable. The most common adverse drug reactions were hypertension (4/6), albuminuria (2/6), mucositis (2/6), anorexia (1/6), fatigue (2/6), mucositis (2/6), thrombocytopenia (1/6), anemia (1/6), leukopenia (1/6) , and handfoot syndrome (1/6) ( Table 3 ). Major grade 3 adverse drug reactions were hypertension (1/6), albuminuria (1/6), thrombocytopenia (1/6), and anemia (1/6). No grade 4 AE was observed in the study. Three of these cases were treated with dose-modulated apatinib therapy for nonhematologic toxicities. Hand-foot syndrome and proteinuria could be relieved by dose reduction. Therefore, AE monitoring and dosage adjustment are effective methods for reducing the drug toxicity. No treatment-related severe AE was observed in our study.
Literature reviewing
In total, there are five reports about the application of TKI in cervical cancer. These data are summarized in Table 4 .
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Discussion
Novel strategies, based on our understanding of biology and genetics, are desperately needed to treat common malignancies such as cervical cancer that are not sensitive to current cytotoxic chemotherapy. Anti-angiogenesis is a well-established strategy in this setting, and apatinib is an oral angiogenesis inhibitor specifically targeting VEGFR2 via blocking the activity of TKI. This novel agent is well tolerant and highly active in some solid cancers and was recently found effective against cervical cancer in vitro. Apatinib was administered orally within clinical routine practice because of the lack of an established choice after second-line options. After this treatment, we found an ORR of 66.7%, a median PFS of 7.0 months, and a median OS of 16.0 months. To our knowledge, the current study is the first to describe the clinic use of apatinib in patients suffering advanced/recurrent cervical cancer. In addition, to block the VEGF signaling pathway by working as TKI inhibitor, apatinib also inhibits the ABC (ATP-binding cassette) proteins which play critical rules in chemo-resistance. 17 It is well understood that ABC protein protects cancer cells by pumping out toxicity drug. In the preclinical study, concomitant treatment with paclitaxel, a most used toxicity drug, apatinib significantly increased the susceptibility to paclitaxel in either cervical cancer cells or the mouse model. 11 Cisplatin is the most effective single chemoreagent for cervical cancer. Unfortunately, cisplatin treatment frequently results in the development of drug resistance after initial responses in various cancer. 18 Apatinib can restore the sensitivity of cancer cells to cisplatin by down-regulating the expression level of multi-drug resistance-1 and inhibiting the activity of the extracellular regulated protein kinases signaling pathway. 19 This property makes it is more possible to combine apatinib with convention chemotherapy. Besides the efficacy of apatinib, we evaluated both clinic and laboratory side effects due to the retrospective nature of our study. In contrast to the previous experience from cytotoxic drugs, hematological toxicity is not that frequently, with one hematologic in 3/4 grade, with one palette in 3/4 grade, and with one leukocyte in 1/2 grade. These may attribute to the nature molecule of apatinib which makes it not toxic in hematology. However, most patients reported some grade of non-hematological toxicity, while hypertension is the most common side effects with four patients and one of them suffered form 3/4 grade. Because of the antivascular effect, the microvessel was inhibited that cause the increased blood tension. Therefore, it is necessary to monitor the blood pressure when apatinib is given. Further, hand-foot syndrome is a common side effect of TKIs, although only a slight case was observed in this series, more attention should be paid. When this happens, supplementary B family vitamin and skin care would be helpful to release this syndrome. These profiles of complications were comparable with these of previously reported well-controlled trials using some dosage of apatinib in other malignancies. Summarily, most side effects were manageable by symptomatic treatment or dose modifications. However, it is worthy to notice that, one patient suffered the grade 3/4 hypertension and 3/4 palettes. But after reduction of usage dose, these side effects were fully released, no persistent toxicity was left. This may due to the individual response to the drug.
When compared with the conventional cytotoxic drugs such as vinorelbine or topotecan that are broadly used in the second-line setting, the effectiveness and side effects of apatinib are better or comparable. 19 An OS of 17.6 months was observed with paclitaxel and platinum chemotherapy combined with bevacizumab, whereas an OS of 12.7 was observed when no bevacizumab was given. These OS are a bit longer than apatinib. However, the patients in GOG240 were native to platinum and paclitaxel chemotherapy. 20 All the patients receiving apatinib had accepted at least paclitaxel and platinum-containing chemotherapy. It would be intriguing to see the outcome of the primary patients responses to the combination of apatinib and chemotherapy. The side effects were observed with bevacizumab in that trial, such as gastrointestinal and genitourinary fistula which is a significant concern for both patients and physicians. 21 Apatinib might be useful to as a compensation instead of bevacizumab for some patients in high risk for fistula such as these patients with radiotherapy in pelvic. Apart from efficacy and side effects, financial condition is another 22 This is overhigh in developing country, such as in China in which people with $1000 per month averagely. 23 Especially for the population of advanced cervical cancer patients who is not affordable for regular assessment of the cervical cancer screening program. Compared to the high cost of bevacizumab, apatinib is an optional compensation with the price around $300 per month, which is still expensive but is more reachable for patients in China, or low-resource region. In addition to apatinib and bevacizumab, a few other angiogenesis-targeting agents also have been reported in the treatment of cervical cancer. After literature retrieval, these reports are summarized in Table 4 . Unfortunately, it seems patients benefit from TKIs but hamper by increased side effects. For example, pazopanib and cediranib might increase the outcomes. However, further investigation is still needed. 24 In contrast to the manageable side effects in the current report, the toxicity happens in some drugs, for example, the usage of sunitinib and brivanib is hampered by the severe toxicity. 15 This may attribute to the unspecific inhibition against VEGFRs the central events in angiogenesis. 3 Moreover, the combination of bevazimnab and apatinib also seems to have synergistic effects in other solid tumors. 25 A cocktail strategy aiming at increasing efficacies and reduction of side effects deserves further investigated. Considering the side effects, this searching for higher efficacy should be very careful to avoid the compensation in quality of life. When interpreting the findings of this report, some limitations need to be kept in mind. Firstly, as a retrospective analysis, it is subjected to potential selection biases. Second, the small sample size precluded definitive conclusions. However, we conclude that apatinib is potentially effective and with manageable side effects in patients with heavily treated cervical cancer. Therefore, it is a possible treatment for patients as a second-line option. For a further perspective, a prospective, well designed, and controlled trial for the use of apatinib in cervical cancer patients is needed and worthy.
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